Financial liberalisation has offered global investors with new investment opportunities via international portfolio diversification. Proper investment planning as well as portfolio diversification and rebalancing require low correlations between the assets under consideration. In general, correlations between countries have increased during the global financial crisis due to contagion, interdependence, or herding. In this work we use the dynamic conditional correlation model to examine whether the correlations between the BRIC countries, as well as the correlations between the BRIC countries and the US, UK, Europe and Japan markets, still remain high. As an improved approach we use batch code to assign each country its own dynamic model for better specification of the correlations. After computing the covariance matrix we optimise portfolios consisting of eight assets both for long only and short allowed positions. The results indicate that the correlations have started to decrease and BRIC maintain a significant percentage in a globally diversified portfolio.
Introduction
The number of financial crises over the last decades, including the 1987 stock market crash, the Asian crisis in 1997, the Russian default in 1998, the dot-com bubble in 2000 and the recent 2007-08 global financial crisis (GFC), have urged researchers and policy makers to investigate the various aspects of international stock market relationships. Global portfolio diversification strategies enjoy the greatest benefits when the correlations between the international markets stock returns are low (Grubel, 1968; Lessard, 1973; Solnik, 1974) , while highly correlated assets are to be avoided, since a loss in one stock is likely to be accompanied by a loss in other stocks as well. This brings into attention the time varying nature of the correlations and the significant impact it has on the portfolio rebalancing, signalling the constant monitoring of this dynamic property. The majority of the studies (Forbes and Rigobon, 2002; Gilmore et al., 2008; Abad et al., 2010) indicate an increment of the correlations of global markets returns during the recent periods as a consequence of financial integration. As a result, the benefit of international portfolio diversification emanates through combination of assets from emerging and developed markets.
Financial crises have an impact on the markets correlations with two opposing views regarding whether the change in the correlation pattern is permanent, which is critical when it comes to portfolio management and rebalancing. Either the crisis has a major impact on the fundamentals of financial markets with long term influences and wide range structural breaks (Minsky, 1992; Whalen, 2008; Niklewski and Rodgers, 2011) or the financial crisis will affect the level of the correlations only in the short run. Towards the latter view Forbes and Rigobon (2002) argue that the impact of a crisis on the correlation level will often be of short term impact and the correlations might revert towards the long term mean. Several researchers have focused on the impact of recent financial crisis on the correlations among different countries (Bianconi et al., 2013; Kenourgios et al., 2011; Samarakoon, 2011) and find that financial crisis has changed the benefit of international diversification.
The markets of the BRIC (Brazil, Russia, India and China) countries are uniquely positioned in terms of industry strength and economic drivers leading to low correlations levels. In a research paper by Goldman and Sachs Investment Bank (Wilson and Purushothaman, 2003) BRIC are identified as the new economic growth force in the world. The potentially attractive characteristics and diversification benefits of these asset classes have caught substantial interest (Cheng et al., 2007) and the Morgan Stanley Capital International (MSCI) emerging markets index has become significantly more concentrated on the BRIC countries over the last decade. Examining the dynamic linkages between the stock markets of emerging countries such as BRIC and developed countries remains a subject of continuing empirical investigation especially in the light of the GFC and the Eurozone debt crisis. To this aim, Bhar and Nikolova (2009) employed weekly equity index returns of BRIC countries measured in terms of US dollars in a bivariate EGARCH framework whereas Kenourgios et al. (2011) considered a dataset of weekly US currency denominated index returns for BRIC markets in order to apply an asymmetric generalised dynamic conditional correlation (AG-DCC) approach. A different approach was adopted by Aloui et al. (2011) who examined the extreme financial interdependences using copula functions and daily return data of the BRIC and the US market expressed in US dollars. Other works that incorporate daily returns although the markets are non-synchronous include Ahmad et al. (2013) , Bekiros (2014) , Bianconi et al. (2013) , Chiang et al. (2013) and Dimitriou et al. (2013) . The most recent relative work by Zhang et al. (2013) indicates that the BRIC correlations remain at a higher level than before the recent financial crisis.
In this paper we examine the conditional correlations between the BRIC, the US market (S&P500), the UK market (FTSE), the European market (MXEU) via the MSCI index and the Japanese market (NIKKEI). All markets under consideration are non-synchronous therefore weekly data are examined, since the lagged response to the impact of news using daily data can induce spurious correlations between the daily returns of assets, or negative autocorrelation in some assets due to lagged news information arrival MacKinlay, 1990a, 1990b) and slower adjustment to economy-wide information (Brennan et al., 1993) . All the market indices used are denominated in US dollars, since using local currency values of indices may lead to excess loss through foreign currency exchange rate differences in international portfolio rebalancing. Using an updated dataset than that of Zhang et al. (2013) we find that the correlation patterns between the BRIC countries as well as between the BRIC and the developed markets have started to decrease after the last financial crisis and BRIC maintain a significant percentage in the globally diversified portfolio.
The remainder of the paper is organised as follows. Section 2 presents the data and the econometric methodology used, Section 3 reports on the results and discussion and in Section 4 the concluding remarks are provided.
Econometric methodology and data

The data
The dataset was obtained from DataStream and consists of closing prices of the Sao Paolo Stock Exchange Index (BOVESPA) for Brazil, the Moscow Russian Trading System Cash Index (RTS) for Russia, the S&P Bombay Stock Exchange Sensitive Index (SENSEX) for India, the Shanghai Stock Exchange Composite Index (SHCOMP) for China, the Standard's and Poor's 500 (S&P500) for US, FTSE for UK, NIKKEI for Japan and the MSCI index for Europe (MXEU) with the later obtained from Bloomberg. The time interval under consideration begins on 1 September 1995, where the RTS index initiated and ends on 31 December 2013 using Friday as the day of the week. The returns are defined via the successive logarithmic differences r t = ln(P t /P t-1 ) of the asset's close price P t .
Econometric methodology
The DCC multivariate GARCH (MGARCH) methodology (Engle, 2002) appears to be an attractive one with reasonable flexibility in modelling volatilities and portfolios with a large number of assets. An advantage of the DCC-MGARCH methodology is that all possible pair-wise correlation coefficients are provided to study their behaviour in periods of financial turmoil and examine possible contagion effects. The DCC-GARCH model is defined as,
The covariance matrix is decomposed via H t = D t R t D t where the elements in the diagonal matrix D t are standard deviations from the univariate GARCH models and R t is the correlation matrix. In order to ensure the positive definiteness of the covariance matrix, the correlation matrix R t has to be positive definite. The second requirement is that all elements in the correlation matrix R t have to be equal to or less than one by definition. To ensure both of these requirements the correlation matrix R t is decomposed into, 
In this work we use the Asymmetric-DCC model, using the Aielli (2008 Aielli ( , 2013 correction (cADCC),
where ξ t = I(ε t < 0) ° ε t , ° is the Hadamard element by element product, G is a dummy variable taking the value 1 if both markets have negative returns and zero otherwise and we assume t-Student distributed residuals. For the individual GARCH models we consider an ARMA(1, 1) model for the mean equation,
and a GJR-GARCH(1, 1) model (Glosten at al., 1993; Ling and McAleer, 2002) accounting for the asymmetry, for the variance equation,
where t I − is a dummy variable taking the value 0 when ε t ≥ 0 and the value 1 when ε t < 0. After a first run we keep only the significant parameters fitting different models for each asset via batch code. 
Results and discussion
Stylised facts
The stylised facts of the stock indices returns for the BRIC, the US, UK, Europe and Japan indices are presented in Table 1 , where the descriptive statistics, the annualised return, the annualised standard deviation, the Jarque-Bera (J.B.) normality test, the Ljung-Box (L.B.) test and the ARCH test for residual heteroscedasticity are reported respectively. The results show that the returns under consideration are leptokurtic, negatively skewed and except Japan they have positive annualised returns. The developed proxy markets show higher skewness and kurtosis, while the BRIC indicate higher annualised returns and annualised standard deviation. The Jarque-Bera test indicates deviation from normality, the Ljung-Box test shows that the returns exhibit serial correlation and the ARCH test indicates the presence of heteroskedasticity. The unconditional correlations of the BRIC and the proxy indices returns are shown in Table 2 . The unconditional correlations between the BRIC are low, from 0.086 (Russia-China) to 0.478 (Brazil-Russia). Similarly, the unconditional correlations of the BRIC with the rest of the proxy countries range from 0.048 (China-US), to 0.653 (BrazilEurope). Brazil shows the highest correlations with the proxy markets, from 0.584 (Brazil-US) to 0.653 (Brazil-Europe), while China has the lowest correlations with the proxy markets, from 0.048 (China-US) to 0.119 (China-Japan). 
Dynamic conditional correlations and portfolio considerations
The results of the MGARCH model are shown in Table 3 for the mean equation (panel A), the variance equation (panel B) and the multivariate t-cADCC (panel C). The dynamic conditional correlations between the BRIC are shown in Figure 1 and the dynamic conditional correlation between the BRIC and the proxy markets are shown in Figure 2 . BRIC have changed their political systems to embrace global capitalism.
Goldman Sachs predicted China and India, respectively, to be the dominant global suppliers of manufactured goods and services while Brazil and Russia would become dominant as suppliers of raw materials. Cooperation is the logical next step among the BRIC because Brazil and Russia together would form the commodity suppliers to India and China. Brazil is dominant in soy and iron ore while Russia has enormous supplies of oil and natural gas (Cheng et al., 2007) . The correlations have started slowly to increase after 2003 with Brazil's growth in the main world economies when price elevation for Brazilian exports and full liquidity of capital for emerging countries (due to low interest rates in the US, Eurozone, UK and Japan) combined to improve Brazil's economic position. There is an increase in the correlations during the GFC that remained high between the BRIC and between the BRIC with the proxy markets however, during the last three years there is a diminishing trend. Having obtained the trailing covariance matrix ∑ for every day from the t-cADCC model, we construct an in-sample recursive dynamic Markowitz portfolio using the expressions 1 w r − = ∑ where r is the vector of the assets returns, to visualise the long or short positioning of each asset in a portfolio. This is equivalent to an unconstrained Markowitz portfolio with a risk free asset of zero return and an implied coefficient of risk aversion of one. The concept of a budget constraint is used to limit the degree of total market exposure assumed by an investor, by requiring that the total value of the portfolio equals the available wealth. The unconstrained case implies that the investor may arbitrarily borrow additional funds in order to leverage the effective realised returns. Figure 3 shows the optimal mean-variance recursive dynamic weights for the BRIC and the proxy markets [ Figure 3(a) ], the return of the portfolio [Figure 3(b) ] and the portfolio leverage [ Figure 3(c) ]. The individual asset weights are allocated in proportion to their combined value. In order to take a closer look at the portfolio we impose the budget constraint for the optimisation procedure. The optimisation results for the minimum variance (mv) and the tangent (tng) portfolios are shown in Table 4 for unconditional (panel A) and conditional (panel B) optimisation for long only and short allowed positions. We report on the annualised risk, annualised return, annualised Sharpe ratio, the portfolio composition weights and the leverage of the portfolio. Since the conditional case demands MGARCH modelling which needs computational effort the results are compared with the classical Markowitz approach using the unconditional correlations, where the results are in favour of the conditional modelling. In all cases there is significant contribution from the BRIC with substantial benefits of global portfolio diversification. As a final step, we examine the performance of fixed weights portfolios using an equally weighted (eqw) and a gross domestic product (gdp) weighted portfolio for long only positions, which are considered for two reasons:
1 The portfolio optimisation procedure requires substantial computational effort via the Monte Carlo approach especially in the case of a large number of assets. A procedural problem that arises in every Monte Carlo sampling study concerns the number of replications in order to achieve a specified bound or error making computational time a premium. The sample size needed for a study depends on many factors, including the size of the model, distribution of the variables, reliability of the variables and strength of the relations among the variables.
2 There are many cases where short positioning is forbidden (Beber and Pagano, 2013) . EU securities regulators are closely monitoring the functioning of the markets and are considering possible actions which might be taken to contribute to enhance markets functioning in an orderly manner. Some EU securities regulators have adopted, or are in a process of taking actions in their respective markets either to limit, or to introduce stringent requirements or further reporting obligations to supervisory authorities on short-selling. Table 4 (panel C) shows the comparative results of the conditional optimum portfolio (Table 4 , panel B), the eqw and the gdp weighted portfolio. The risk-return characteristics and the annualised Sharpe ratio are in favour of the optimum portfolio's performance.
Concluding remarks
Globally diversified portfolios have dominated domestic-only ones on the efficient frontier and international portfolio diversification remains a challenging subject of continuing empirical investigation. The independent movement of global markets, which react to factors such as different domestic monetary and fiscal policy cycles, has historically provided considerable diversification although correlations tend to converge in periods of financial crisis. Related to the above, a highly debatable issue is whether emerging markets such as BRIC might provide a good candidate for global portfolio diversification and one way to account for the appropriateness of these markets is to map the time evolution of their dependence especially after the GFC. To this aim, we examined the dynamic conditional correlations both within the BRIC group and with most of the developed markets. Constructing a variety of portfolios we document a diminishing of the correlations during the last years therefore increasing the diversification benefits of a global optimum portfolio.
